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(54) Heat storage tank in cooling water circuit 

(57) In a heat storage tank (1 00), first and second 
valve bodies (1 1 9, 120) are disposed to open and close 
first and second valve ports (119a, 120a), respectively. 
A density of the first valve body is made larger than that 
of cooling water, and a density of the second valve body 
is made smaller than that of cooling water. When the 
dynamical pressure due to cooling water is applied to 
the first and second valve bodies, the first and second 



valve ports are opened by the first and second valve 
bodies. On the other hand, when the dynamical pres- 
sure is not applied to the first and second valve bodies, 
the first valve body closes the first valve port by the 
weight of the first valve body, and the second valve body 
closes the second valve port by the buoyancy. 
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Description 

BACKGROUND OF THE INVEfsTTION 

1 . Field of the Invention: 5 

[0001 ] The present invention relates to a heat storage 
tank whbh stores a cooling liquid of a liquid-cooled en- 
gine such as a water-cooled engine by heat insulation. 
For example, the heat storage tank Is suitably used for io 
a vehicle having a water-cooled engine. 

2. Descriptfon of Related Art: 



with the first liquid circuit. Therefore, high -temperature 
cooling liquid stored in the heat storage tank can be di- 
rectly supplied to the engine without being affected by 
operation of the first liquid circuit. Thus, heating opera- 
tion of the engine can be effectively facilitated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Additional objects and advantages of the 
present invention will be more readily apparent from the 
following detailed description of preferred embodiments 
when taken together with the accompanying drawings, 
in which: 



[0002] In a conventional heat storage tank described is 
in 0-77839, a flow of cooling water is controlled 

by an electrical valye. Because the electrical valve is 
used for controlling the flow of cooling water in the heat 
storage tank, component number is increased, a struc- 
ture of the heat storage tank becomes complex, and a 20 
production cost of the heat storage tank is increased. 

SUMMARY OF THE INVENTION 

[0003] In view of the foregoing problems, it is an object 25 
of the present Jnvention to provide a heat storage tank 
which is manufactured in low cost. 
[0004] According to the present invention, in a heat 
storage tank for storing a cooling liquid of a liquid-cooled 
engine in a cooling liquid circuit by heat Insulation, a fluid 30 
passage communicating with an interior of a tank body 
is provided, and a valve body for opening and closing 
the fluid passage is constructed to open the fluid pas- 
sage when a dynambal pressure due to the cooling liq- 
uid, larger than a predetermined pressure, is applied to 35 
the valve body, and to close the fluid passage when the 
dynamical pressure smaller than the predetermined 
pressure is applied to the valve body. Accordingly, the 
flow passage can be accurately opened and closed 
without using an electrical vah/e. Therefore, the heat- 40 
storage tank can be manufactured In low cost. 
[0005] Preferably, the valve body is constructed to 
close the fluid passage by a density difference between 
the cooling liquid and the valve body when the dynam- 
ical pressure applied to the valve body Is smaller than 45 
the predetermined pressure. Altematively, the valve 
body is constructed to close the fluid passage by a pres- 
sure due to a weight of the valve body and a weight of 
the cooling liquid when the dynambal pressure applied 
to the valve body is smaller than the predetermined so 
pressure. Therefore, the structure of the valve body can 
be made simple in the heat storage tank. 
[0006] The cooling liquid circuit includes a first liquid 
circuit having at least a radiator for cooling the cooling 
liquid, and a second liquid circuit including the heat stor- ss 
age tank. A pump is disposed In the second liquid circuit 
so that cooling liquid circulates between the second liq- 
uid circuit and the iiquid<x»oled engine independently 



FIG. 1 is a schematic diagram showing a cooling 
water circuit according to a first preferred embodi- 
ment of the present invention; 
FIG. 2 Is a schematic diagram of a heat storage tank 
according to the first embodiment; 
FIG. 3 is a front view of a plate member used for 
restricting a mixing of cooling water in the heat stor- 
age tank according to the first embodiment; 
FIG. 4 is a schematic diagram showing a flow of 
cooling water In the heat storage tank of the first 
embodiment; 

-FIG. 5 is a schematic diagram showing a heat stor- 
age tank according to a comparison example of a 
second preferred embodiment of the present inven- 
tion; 

FIG. 6 is a schematic diagram showing a heat stor- 
age tank according to the second embodiment; 
FIG. 7 is a schematic diagram showing a heat stor- 
age tank according to a third preferred embodiment 
of the present invention; 

FIG. 8 is a schematic diagram showing a flow of 
cooling water in the heat storage tank according to 
the third embodiment; 

FIG. 9 is a schemata diagram showing a heat stor- 
age tank according to a fourth preferred embodi- 
ment of the present invention; and 
FIGS. 10A and 108 are schematic enlarged dia- 
grams each showing a second pipe member for a 
heat storage tank according to a fifth preferred em- 
bodiment of the present invention. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

[0008] Preferred embodiments of the present inven- 
tion will be described hereinafter with reference to the 
accompanying drawings. 

[0009] A first preferred embodiment of the present in- 
vention will be now described with reference to FIGS. 
1-4. In the first embodiment, a heat storage tank 1 00 of 
the present invention is typically used for a cooling water 
circuit of a water-cooled engine 200 for a vehicle. 
[0010] The water-cooled engine 200 is disposed in 
the cooling water circuit to be cooled by cooling water 
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flowing through the engine 200, a radiator 210 is dis- 
posed to coot the cooling water by performing a heat 
exchange between cooling water and air. A bypass pas- 
sage 220 through which cooling water bypasses the ra- 
diator 210 is provided, and a thermo-control valve 221 
(thermostat) is disposed to adjust a flow amount of cool- 
ing water flowing through the bypass passage 220 and 
a flow amount of cooling water flowing through the radi- 
ator 21 0. The thermo-control valve 221 (thermostat) ad- 
justs a ratio between the flow amount of cooling water 
flowing through the bypass passage 220 and the flow 
amount of cooling water flowing through the radiator 
210, so that the temperature of the engine 200 can be 
controlled to a predetermined temperature. 
[0011] A blower 211 is disposed to blow cooling air 
(outside air) toward the radiator 21 0. A heater core 230 
is disposed to heat air blown Into a passenger compart- 
ment using cooling water in the cooling water circuit as 
a heating source, and a blower 231 for blowing air to the 
heater core 230 is disposed. 

[0012] In the first embodiment, the cooling water cir- 
cuit includes a first cooling water circuit SI through 
which cooling water in the engine 200 circulates the ra- 
diator 210, the bypass circuit 220 and the heater core 
230, and a second cooling water circuit S2 through 
which cooling water circulates between the heat storage 
tank 100 and the engine 200. A first pump 201 driven 
by power from the engine 200 is disposed in the first 
cooling water circuit SI to circulate cooling water in the 
first cooling water circuit SI . and a second pump 240 
driven electrically Is disposed In the second cooling wa- 
ter circuit 82 to circulate cooling water in the second 
cooling water circuit S2. 

[0013] The second cooling water circuit 82 is con- 
structed, so that cooling water flowing from the engine 
200 flows into the heat storage tank 1 00 and cooling wa- 
ter flowing from the heat storage tank 1 00 flows into the 
engine 200. Because cooling water independently cir- 
culates in the second cooling water circuit S2 by the sec- 
ond pump 240, a flow of cooling water in the second 
cooling water circuit S2 can be independently controlled 
without being affected by a flow of cooling water in the 
first cooling water circuit 81 . 

[0014] A first temperature sensor 251 for detecting 
temperature (I.e., temperature of cooling water circulat- 
ing In the engine 200) of the engine 200 is disposed in 
the engine 200, and a second temperature sensor 252 
for detecting temperature of cooling water (hot water) 
flowing out from the heat storage tank 1 00 is disposed. 
Detection signals from both the temperature sensors 
251 , 252 are input into an electronic control unit (ECU) 
250, and the ECU 250 controls the operation of the sec- 
ond pump 240 based on the detection signals of both 
the temperature sensors 251 , 252. 
[001 5] Next, the heat storage tank 1 00 will be now de- 
scribed in detail with reference FIG. 2. As shown in FIG. 
2, the heat storage tank 100 has a tank body 110, and 
the tank body 110 is constructed by a double stmcture 



composed of an inner tank portion 1 1 1 made of a mate- 
rial having a sufficient corrosion resistance such as a 
stainless metal, and an outside tank 112. A space be- 
tween both the tank portions 111, 112 is substantially 
evacuated to form a heat Insulating layer 
[001 6] A first pipe member 1 1 3 is inserted into a lower 
side position of the tank body 11 0 to be welded to both 
the tank portions 111, 1 1 2 of the tank body 1 1 0, so that 
an interior of the tank body 110 communicates with an 
exterior of the tank body 1 1 0 through the first pipe mem- 
ber 1 1 3, A second pipe member 114 made of a material 
having a sufficient heat-insulating performance, such as 
a nylon resin, is disposed in the first pipe member 113 
concentrically with the first pipe member 1 1 3. The sec- 
ond pipe member 114 is inserted Into both the tank por- 
tions 111 , 112 of the tank body 110 to extend vertically. 
A flow passage 115 (first flow passage) through which 
cooling water In the second cooling water circuit 52 
flows into the tank body 110 Is defined between the first 
pipe member 113 and the second pipe member 114, and 
the second pipe member 114 defines therein a flow pas- 
sage (second flow passage) through which cooling wa- 
ter stored in the tank body 110 flows out. Therefore, 
cooling water flowing from the engine 200 flows into the 
tank body 1 1 0 of the heat storage tank 1 00 after passing 
through the flow passage 115 from below upwardly. 
[0017] An introduction port 116 is opened In the sec- 
ond pipe member 114 within the tank body 1 1 0 at a po- 
sition upper than the flow passage 115 and lower than 
a liquid surface of cooling water stored within the tank 
body 110. Therefore, cooling water introduced into the 
second pipe member 114 from the introduction port 116 
flows through the second pipe member 114 from an up- 
per side downwardly, and then flows to an outside of the 
tank body 110 of the heat storage tank 100. 
[0018] A circular plate member 117 for restricting a 
mixing of cooling water in the tank body 1 1 0 is disposed 
within the tank body 110 at a lower side lower than the 
Introduction port 11 6, so that cooling water flowing ver- 
tically upwardly from the flow passage 115 collides with 
the plate member 117. As shown in FIG. 3, the plate 
member 117 has plural through holes 117a penetrating 
through the plate member 117 in a thickness direction. 
The through holes 11 7a are provided in such a manner 
that radial dimensions of the through holes 117a are in- 
creased as the through holes 117 are positioned to a 
radial outside. 

[0019] In FIG. 2, a housing 1 1 8 is disposed at a lower 
side of the tank body 110. The housing 118 defines a 
flow passage 118a communicating with the flow pas- 
sage 115, and a flow passage 1 1 8b communicating with 
the flow passage of the second pipe member 114. Con- 
nection pipes 118c, 118d for connecting a pipe of the 
second cooling water circuit S2 and the flow passages 
1 1 8a, 1 1 8b are formed in the housing 118. The tank body 
1 1 0 is assembled to the vehk:le through the housing 118. 
[0020] The housing 1 1 8 is made of a material similar 
to that of the second pipe member 114. while the hous- 
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ing 118 is fixed to the tank body 110, the second pipe 
member 114 is inserted into the plate member 117 and 
into the housing 11 8 to be fixed. 
[0021 1 A ring-plate like first valve body 1 1 9 for opening 
and closing the flow passage 1 1 8a is disposed. The first s 
valve body 1 9 is constmcted to open the flow passage 
118a when dynamical pressure more than a predeter- 
mined pressure, due to cooling water, is applied to the 
first valve body 119 from below, and to dose the flow 
passage 1 1 8a when the dynamical pressure lower than io 
the predetermined pressure is applied to the first valve 
body 1 1 9 from below. Specifically, an opening diameter 
d1 of a first valve port 119a opened and closed by the 
first valve body 1 1 9 is made smaller than an outer dianv 
eter of the first valve body 119, and the first valve body is 
119 is disposed at an upper side of the first valve port 
1 1 9a. In addition, a density of the first valve body 1 1 9 is 
made larger than that of cooling water. For example, a 
specific gravity of the first valve 119 is approximately 
1.64. 20 
[0022] Accordingly, when cooling water flows by the 
operation of the second pump 240, dynamical pressure 
is applied to the lower side of the first valve body 1 1 9. 
Therefore, as shown in FIG. 4, the first valve body 119 
moves upwardly, and the first valve port 119a (i.e., the 25 
flow passage 11 5) is opened. Conversely, when the op- 
eration of the second pump 240 is stopped, the dynam- 
ical pressure due to cooling water is not applied to the 
lower side of the first valve body 119. In this case, as 
shown in FIG. 2, the first valve body 1 1 9 moves down- 30 
wardly. and closes the first valve port 119a. When the 
first valve port 1 1 9a is closed by the first valve body 119. 
the first valve port 119a (flow passage 118a) is closed 
by the weight of the first valve body 119 and weight of 
cooling water above the first valve body 1 1 9. Therefore, 35 
the flow passage 1 1 8a (first valve port 1 1 9a) can be ac- 
curately closed by the first valve body 119. 
[0023] Further, in the first embodiment, a sphere- 
shaped second valve body 120 for opening and closing 
the flow passage 1 1 8b (second valve port 1 20a) is dis- 40 
posed. The second valve body 120 is constructed to 
open the flow passage 11 8b when dynamical pressure 
larger than a predetermined pressure, due to cooling 
water, is applied to the second valve body 120 from an 
upper side of the second valve body 1 20, and to close ^5 
the flow passage 118b when the dynamical pressure 
lower than the predetermined dynamical pressure is ap- 
plied to the second vah^e body 1 20 from the upper side 
of the second valve body 120. Specifically, an opening 
diameter d2 of a second valve port 120a opened and so 
closed by the second valve body 1 20 is made smaller 
than an outer diameter D2 of the second valve body 1 20, 
and the second valve body 1 20 is disposed at a lower 
side of the second valve port 1 20a. In addition, a density 
of the second valve body 1 20 is made smaller than that 55 
of the cooling water. For example, a specific gravity of 
the second valve 120 is approximately 0.98. 
[0024] Accordingly, when cooling water flows by the 



operation of the second pump 240, dynamical pressure 
is applied to the upper side of the second valve body 
120. Therefore, as shown in FIG. 4, the second valve 
body 1 20 moves downwardly, and the second valve port 
1 20a (i.e. , the flow passage 1 1 8b) is opened. Converse- 
ly, when the operation of the second pump 240 is 
stopped, the dynamrcal pressure is not applied to the 
upper side of the second valve body 120. In this case, 
as shown in FIG. 2, the second valve body 120 moves 
upwardly due to the buoyancy, and closes the second 
valve port 120a. A valve-closing force for closing the 
second valve port 120a (flow passage 118b) is a force 
due to a density difference between the second valve 
body 120 and the cooling water. However, the valve- 
closing fOHDe is sufficient for preventing a flow of cooling 
water between an interior of the heat storage tank 1 00 
and an exterior of the heat storage tank 1 00, due to a 
temperature difference between the Interior and the ex- 
terior of the heat storage tank 1 00. 
[0025] In the first embodiment of the present inven- 
tion, the flow passage 118b is bent to have a vertical 
passage portbn 1 1 8e extending cipproximately vertical- 
ly, and a horizontal passage portion 1 18f extending ap- 
proximately horizontally. Further, the second valve body 
120 and the second valve port 120a are provided in a 
connection portion whef^ the vertical passage portion 
118e and the horizontal passage portion 118f are con- 
nected. Accordingly, when the second valve body 1 20 
moves to the lower side due to the dynamical pressure, 
the horizontal passage 1 1 8f may be throttled by the sec- 
ond valve body 1 20. However, in the flrst embodiment 
of the present invention, a recessed receiving portion 
1 1 8g is provided in the housing 1 1 8 at a position lower 
than the connection portion between the vertical pas- 
sage portion 11 Be and the horizontal passage portion 
11 8f. Therefore, when the dynamical pressure is applied 
to the upper side of the second valve body 120 from the 
upper side, the second vah^e body 120 is received in the 
receiving portion 118g, and it can prevent the horizontal 
passage portion 118f from being restricted. 
[0026] In addition, a comb-like guide member 121 is 
disposed to prevent the second valve body 120 from 
flowing toward the connection pipe 1 1 8d. In the flrst em- 
bodiment of the present invention, both the valve bodies 
1 1 9, 1 20 are made of a ternary copolymerizatlon mbber 
of ethylene, propylene and diene (EPDM). However, by 
changing the polymerization degree of the EPDM, the 
density of the first valve body 119 can be readily made 
different from that of the second valve body 120. 
[0027] Next, operation of the cooling water circuit ac- 
cording to the first embodiment of the present invention 
will be now described. 

(1 ) Heat Storage Mode 

[0028] The heat storage mode is performed, when the 
engine 200 operates and when the temperature T1 (i. 
e., temperature detected by the first temperature sensor 
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251) of cooling water flowing from the engine 200 is 
equal to or higher than a predetermined temperature To. 
Specifically, in the heat storage mode, high-temperature 
cooling water flowing from the engine 200 is supplied to 
the heat storage tank 1 00 by the operation of the second 
pump 240, and is stored in the tank body 1 1 0 of the heat 
storage tank 1 00. The predetemnined temperature To is 
set at a temperature at which a heating operation of the 
engine 200 can be considered to be finished in an en- 
gine-heating mode. For example, in the first embodi- 
ment of the present invention, the predetermined tem- 
perature Is BO^C. 

(2) Engine-heating Mode 

[0029] The engine-heating mode is perfomied when 
the operation of the engine 200 starts. That is, in the 
engine-heating mode, at the same time as the start of 
the engine 200, the second pump 240 is operated. 
Therefore, in the engine-heating mode, high-tempera- 
ture cooling water stored in the heat storage tank 1 00 is 
supplied to the engine 200, and the heating operation 
of the engine 200 is facilitated. 

[0030] In additk>n, even in a heating operation for 
heating the passenger compartment using the heater 
core 230 in the winter, high -temperature cooling water 
stored in the heat storage tank 100 can be supplied to 
the heater core 230 from a time Immediately after the 
start of the operation of the engine 200. Therefore, in 
the heating operation, the passenger compartment can 
be readily quickly heated. 

(3) Cooling Water Holding Mode (First Holding Mode) 

[0031] The cooling water holding mode Is performed 
when the temperature T2 (i.e. , the temperature detected 
by the second temperature sensor 252) of cooling water 
flowing from the heat storage tank 1 00 is lower than the 
predetermined temperature To when the engine 200 op- 
erates. In the cooling water holing mode, the operation 
of the second pump 240 is stopped. The cooling water 
holding mode is changed from the engine-heating mode 
when all the high-temperature cooling water stored in 
the heat storage tank 100 flows out in the engine-heat- 
ing mode. Therefore, It can prevent low-temperature 
cooling water flowing from the engine 200 from being 
stored in the heat storage tank 1 00 and from flowing Into 
the engine 200. Accordingly, the heating operation of the 
engine 200 can be further facilitated. 
[0032] When a capacity of the tank body 110 is set 
more than an amount of cooling water in the engine 200, 
the heating operation of the engine 200 can be further 
effectively facilitated. When the temperature T1 of cool- 
ing water flowing from the engine 200 is higher than the 
predetemnined temperature To, the heat storage mode 
is set from the cooling water holding mode. 



4. Hot Water Holding Mode (Second Holding Mode) 

[0033] The hot water holding mode is performed when 
the operation of the engine 200 stops. In the hot water 

5 holding mode, the operation of the second pump 240 
stops, and high-temperature cooling water (hot water) 
stored in the heat storage tank 100 during the heat stor- 
age mode is stored by heat Insulation. 
[0034] According to the first embodiment of the 

10 present invention, the first and second valve ports 1 1 9a 
and 120a (flow passages 118a and 118b) are opened 
and closed by the dynamical pressure applied to the first 
and second valve bodies 119, 120, respectively. There- 
fore, the structure of a valve portion for controlling a flow 

IS of cooling water in the heat storage tank 100 can be 
made simple, and component number for the valve 
member can be relatively made smaller. Thus, the heat 
storage tank 1 00 can be manufactured In low cost. 
[0035] In the first embodiment of the present inven- 

20 tion, the second cooling water circuit S2 provided with 
the heat storage tank 1 00 is provided separately Inde- 
pendently with the first cooling water circuit SI having 
the heater core 230 and the radiator 210. Therefore, 
high -temperature cooling water can be directly supplied 

25 to the engine 200 from the heat storage tank 100 at a 
requisite time without being affected by the operation of 
the heater core 230 or the radiator 210. Thus, the heat- 
ing operation of the engine 200 can be effectively facil- 
itated. 

30 [0036] The tank body 1 1 0 has the double tank struc- 
ture with a sufficient heat-insulating performance. How- 
ever, in an opening portion of the tank body 1 1 0, where 
the first pipe member 113 and the second pipe member 
1 1 4 are inserted, the interior of the tank body 1 1 0 is ther- 
ms mally connected to an exterior of the tank body 110. 
Therefore, heat of hot water (cooling water) in the tank 
body 1 10 is readily radiated from the opening portion of 
the tank body 1 10. On the other hand, the temperature 
of hot water in the tank body 110 is lowered as a lower 
40 position in the tank body 110. Thus, in the first embodi- 
ment, the opening portion of the tank body 110 is pro- 
vided at a lower side position of the tank body 110 so 
that a temperature difference between the interior and 
the exterior of the tank body 110 is made smaller in the 
45 opening portion of the tank body 1 1 0. Accordingly, in the 
first embodiment, a heat radiation from the opening por- 
tion of the tank body 110 can be restricted, and heat- 
insulating performance of the tank body 110 can be im- 
proved. 

50 [0037] A second preferred embodiment of the present 
invention will be now described with reference to FIGS. 
5 and 6. In the above-described first embodiment of the 
present invention, when the second pump 240 operates, 
the second valve body 120 is pressed by the dynamical 

55 pressure applied to the second valve body 120 to be 
moved downwardly. However, by a balance between the 
dynamical pressure applied to the second valve body 
120 and the buoyancy applied to the second valve body 
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120, the second valve body 120 may be not moved to 
the receiving portion 118g, but may be moved to a po- 
sition (guide menr^er 1 21 ) corresponding to the horizon- 
tal passage portion 1 18f as shown in FIG. 5. When the 
second valve body 1 20 is positioned at the position cor- 
responding to the horizontal passage portion 11 8f as 
shown in FIG. 5, the flow of cooling water in the horizon- 
tal passage portion 1 1 8f is restricted by the second valve 
body 1 20, and a flow resistance of cooling water is in- 
creased. 

[0038] Accordingly, in the second embodiment of the 
present invention, as shown in FIG. 6, a receiving por- 
tion 11 8g for receiving the second valve body 1 20 is pro- 
vided at a side opposite to the horizontal passage por- 
tion 118f. That is, at both opposite sides of the connec- 
tion portion between the vertical passage portion 118e 
and the horizontal passage portion 11 8f, the horizontal 
passiage portion 11 8f and the receiving portion 1 1 8g are 
provided opposite to each other. In addition, a guide por- 
tion 118j having a taper surface 118h is provided In the 
connection portion so that the second valve body 1 20 
moves into the receiving portion 11 8g by the guiding of 
the taper surface 1 1 8h . 

[0039] Thus, in the second embodiment, it can pre- 
vent the flow of cooling water from being restricted by 
the second valve body 1 20 when the dynamicar pres- 
sure is applied to second valve body 120, and it can pre- 
vent the flow resistance of cooling water from being in- 
creased. 

[0040] A third preferred embodiment of the present in- 
vention will be now described with reference to FIGS. 7 
and 8. As shown in FIGS. 7 and 8. in the third embodi- 
ment of the present invention, the second valve body 
120 is disposed inside the second pipe member 114 to 
be positioned within the tank body 110. Accordingly, In 
the third embodiment, the receiving portion 118g de- 
scribed in the first and second embodiments is unnec- 
essary, and a size of the housing 118 can be reduced. 
[0041] In the third embodiment, the second pipe 
mennber 114 is provided in such a manner that, a hole 
diameter d2 of a pipe part from the second valve port 
120a toward the introduction port 116 is made smaller 
than the diameter D2 of the second valve body 1 20, and 
a hole diameter d3 of a pipe part from the second valve 
port 120a toward the housing 110 (downside) is made 
larger than the diameter D2 of the second valve body 
120. The second pipe member 114 is provided with a 
male screw portion (not shown) at a lower side end, and 
the male screw portion of the second pipe member 114 
is screwed into a female screw portion provided in the 
housing 1 1 8 so that the second pipe member 1 1 4 is fixed 
to the housing 118. 

[0042] Accordingly, in the third embodiment of the 
present invention, when the dynamical pressure is ap- 
plied to the second valve body 120 by the operation of 
the second pump 240, cooling water flowing from the 
second valve port 120a downwardly flows toward the 
connection pipe 118d after flowing around the second 



valve body 1 20 as shown in FIG, 8. In the third embod- 
iment, FIG. 7 shows a state where the valve ports 119a, 
120a are closed by the first and second valve bodies 
1 1 9. 1 20, respectively, when the operation of the second 
5 pump 240 stops. 

[0043] A fourth preferred embodiment of the present 
invention will be now described with reference to FIG. 
9. In the fourth embodiment of the present Invention, a 
collision member 122, to which cooling water flowing 
10 from a flow port 1 1 5a of the flow passage 115 collides, 
is provided at a position near the flow port 115a of the 
flow passage 115. The collision member 122 and the 
plate member 1 1 7 described in the first embodiment can 
be integrally formed by a stainless metal, for example. 
'5 [0044] The collision member 122 includes a cover 
member 122a disposed opposite to the flow port 115a 
to have a predetermined space between the flow port 
1 1 5a and the cover member 122a, and a guide portion 
122b connected to the cover member 122a to extend 
20 downwardly. That is, as shown in FIG. 9, the guide por- 
tion 122b connected to the cover member 122a is dis- 
posed to cover the flow port 1 1 5a around an entire outer 
periphery of the flow port 115a at a position away from 
the flow port 115a by a predetermined dimension. Fur- 
25 ther, in the fourth embodiment, the plate member 1 1 7 is 
provlded around the flow port 11 6a to extend from an 
end portion of the guide portion 122b to an inner wall of 
the tank body 110. The cover member 122a of the col- 
lision member 1 22 is used as a stopper member for pre- 
30 venting the first valve body 119 from being away from 
the flow port 115a more than a predetermined dimen- 
sion. 

[0045] For improving the heat insulating performance 
of the heat storage tank 1 00, the opening portion of the 

35 tank body 11 0 is made smaller as possible. However, in 
a case where the opening area of the opening portion 
of the tank body 110 is made smaller, when the flow 
amount of cooling water flowing into the tank body 110 
is made larger, a flow rate of cooling water flowing into 

40 the tank body 110 from the opening portion is increased, 
and cooling water passes through the holes 1 1 7a of the 
plate member 117 when only the plate member 1 1 7 de- 
scribed In the first embodiment is disposed in the heat 
storage tank 1 00. In this case, cooling water in the tank 

45 body 110 is mixed, and cooling water may forcedly cir- 
culate in the tank body 110. 

[0046] However, in the fourth embodiment of the 
present invention, the collision member 122 having an 
approximate cup shape is provided around the flow port 

50 1 1 5a. Therefore, even when a water flow with a high flow 
rate is Injected toward an upper side from the flow port 
115a, the water flow collides with the cover member 
1 22a and are turned by an approximate right angle 90*» , 
and thereafter are tumed downwardly. Accordingly, after 

55 the flow rate of cooling water from the flow port 1 1 5a is 
sufficiently reduced by the collision member 122, the 
water flow is introduced to a lower side of the plate mem- 
ber 117. 
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[0047] According to the fourth embodiment of the 
present invention, the upwardly injected flow of cooling 
water can be accurately changed so that cooling water 
from the flow port 115a is introduced at the lower side 
of the plate member 117. Therefore, even when cooling 
water having a large flow rate Is injected from the flow 
port 115a, it can prevent cooling water in the tank body 
110 from being mixed, while heat-insulating perform- 
ance of the heat storage tank 100 can be improved. 
[0048] Further, because the guide portion 1 22b is pro- 
vided along all the outer periphery of the flow port 1 1 5a, 
the mixing of cooling water in the tank body 110 can be 
further effectively prevented. 

[0049] A fifth preferred embodiment of the present in- 
vention will be now described with reference to FIGS. 
10A and 10B. As shown in FIGS. IDA and 10B, a valve 
seat 114a, 114b Is provided to define the valve port 
120a, so that a surface of the second valve body 1 20 
contacts the valve seat 1 14a, 114b. For example, when 
the second valve body 120 has a sphere shape as 
shown in FIG. 1 0A, the valve seat 1 1 4a is f onned to have 
a spherical surface. On the other hand, when the valve 
body 120 has a conical shape as shown in FIG. 10B, 
the valve seat 114b is formed to have a conical taper 
shape. 

[0050] When the second pipe member 114 (flow pas- 
sage) is closed by the second valve body 120, heat in 
the tank body 11 0 of the heat storage tank 100 is radi- 
ated to an outside of the heat storage tank 100 through 
a position (valve port 120a) in the second pipe member 
114, on which the second valve body 120 contacts. In 
the fifth embodiment of the present invention, the valve 
seat 114a, 11 4b contacting the second valve body 1 20 
In the second valve port 120a is provided. That Is, by 
providing the valve seat 114a, 114b, a contacting area 
of the second valve body 120 contacting the second 
pipe member 114 can be increased, and a heat-trans- 
mitting path for transmitting heat from the interior of the 
heat storage tank 1 00 to the exterior of the heat storage 
tank 100 can be elongated. Therefore, heat-insulating 
capacity of the heat storage tank 1 00 can be improved. 
[0051] In the fifth embodiment of the present inven- 
tion, the shape of the valve seat 1 1 4a, 1 1 4b is not limited 
to the shapes shown in FIGS. 1 0A and 1 0B, but can be 
suitably changed in accordance with the shape of the 
valve body 120. 

[0052] Although the present invention has been fully 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications will become apparent to those skilled in 
the art. 

[0053] For example, in the above-described first em- 
bodiment of the present invention, the first valve body 
119 and the second valve body 1 20 are made of a rubber 
(e.g., EPDM). However, the valve bodies 119, 120 can 
be made of the other material such as a metal, a resin, 
a foam member, a hollow member and a sponge mem- 
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ber Further, the shapes of the first and second valve 
bodies 119, 120 can be changed to the other shapes 
such as a conteal shape, a cylindrical shape and a fusi- 
form shape. 

5 [0054] In the above-described embodiments of the 
present Invention, the opening portion of the tank body 
1 1 0 is provided at a lower side position of the tank body 
110 so that the housing 118 and the first pipe member 
113 are positioned at the lower side of the tank body 
110. However, the housing 118 and the opening of the 
tank body 1 1 0 may be positioned at an upper side of the 
tank body 1 1 0 or may be positioned at the other side. 
[0055] In the above-described embodiments of the 
present invention, the flow passage is closed wtien the 
dynamical pressure is smaller than the predetermined 
pressure by using the density difference between the 
cooling water and the first and second valve bodies 119, 
120. However, an elastte member such as a spring can 
be disposed so that a force opposite to the dynamical 
pressure is applied to the first or second valve body 119. 
1 20. In this case, the flow passage is opened and closed 
by the valve body 1 1 9 or 120 by a balance between the 
force due to the dynamical pressure and a force due to 
the elastic member. Alternatively, an elastic member 
can be provided, so that the flow passage is opened and 
closed by a balance of the force due to the elastic mem- 
ber, the force of the dynamical pressure and the density 
difference between the cooling water and the valve body 
119, 120. 

[0056] In the above-described embodiment of the 
present invention, both the valve bodies 119, 120 are 
provided in both the flow passages In the heat storage 
tank 1 00 at Inlet position and an outlet position. Howev- 
er, one valve body can be provided for one flow passage 
in the heat storage tank 100. 

[0057] Such changes and modifications are to be un- 
derstood as being within the scope of the present inven- 
tion as defined by the appended claims. 

Claims 

1 . A heat storage tank (1 00) for storing a cooling liquid 
of a liquid-cooled engine (200) in a cooling liquid 
circuit by heat insulation, the heat storage tank com- 
prising: 

a tank body (100) in which the cooling liquid is 
stored by heat insulation; 
a connection member (113, 114, 118) connect- 
ed to the tank body, for defining a fluid passage 
(114, 115, 118a, 118b) communicating with an 
interior of the tank body, through which cooling 
liquid in the cooling liquid circuit flows; 
a valve body (1 1 9, 1 20) for opening and closing 
the fluid passage, wherein the valve body Is 
constructed to open the fluid passage when a 
dynamical pressure due to the cooling liquid, 
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larger than a predetenmined pressure, is ap- 
plied to the valve body, and to close the fluid 
passage when the dynamical pressure smaller 
than the predetermined pressure is applied to 
the valve body. 

2. The heat storage tank according to claim 1 , wherein 
the valve body is constructed to close the fluid pas- 
sage by a density difference between the cooling 
liquid and the valve body when the dynamical pres- 
sure applied to the valve body is smaller than the 
predetermined pressure. 

3. The heat storage tank according to claim 1 , wherein 
the valve body is constructed to close the fluid pas- 
sage by a pressure due to a weight of the valve body 
and a weight of the cooling liquid when the dynam- 
k^al pressure applied to the valve body is smaller 
than the predetermined pressure. 

4. The heat storage tank according to any one of 
claims 1 -3, wherein the connection member is dis- 
posed to be connected to a lower side position of 
the tank body in such a manner that the fluid pas- 
sage communicates with the interior of the tank 
body at a iowerstde In the tank body - 

5. The heat storage tank according to claim 1 , where- 
in: 

the connection member is disposed so that 
cooling liquid in the cooling liquid circuit flows 
into the tank body from below upwardly through 
the fluid passage (115, 118a); 
the valve body (119) has a density larger than 
that of the cooling liquid to have a density dif- 
ference between the valve body and the cooling 
liquid; and 

the valve body is disposed to open the fluid pas- 
sage when the dynamical pressure larger than 
the predetemnined pressure is applied to a low- 
er side of the valve body, and to close the fluid 
passage by the density difference when the dy- 
namical pressure applied to the lower side of 
the valve body Is smaller than the predeter- 
mined pressure. 

6. The heat storage tank according to claim 1 , where- 
in: 

the connection member is disposed so that 
cooling liquid in the tank body flows out from an 
upper side downwardly through the fluid pas- 
sage (114, 118b); 

the valve body (120) has a density smaller than 
that of the cooling liquid to have a density dif- 
ference between the cooling liquid and the 
valve body; and 



the valve body (120) is disposed to open the 
fluid passage when the dynamical pressure 
larger than the predetemriined pressure is ap- 
plied to an upper side of the valve body, and to 
5 close the fluid passage by the density differ- 

ence when the dynamical pressure applied to 
the upper side of the valve body is smaller than 
the predetermined pressure. 

10 7. The heat storage tank according to any one of 
claims 1-5, further comprising 

a collision member (122) disposed in the tank 
body so that cooling liquid flowing into the tank 
body from a fluid port of the fluid passage col- 
lides with the collision member, wherein, 
the collision member has a cover member 
(122a) disposed opposite to the flow port at a 
position away from the flow port by a predeter- 
mined distance, and a guide member (122b) 
extending from the cover member to a periph- 
eral side of the fluid port. 

8. The heat storage tank according to claim 7, wherein 
25 - the guide member (1 22b) is disposed at a position 
away from the flow port by a predetermined dis- 
tance to cover the flow port along an entire outer 
periphery of the fluid port. 

30 9. The heat storage tank according to any one of 
claims 7 and 8, further comprising 

a plate member (117) having a plurality of 
holes, for restricting a mixing of cooling liquid 
3S in the tank body when the cooling liquid flows 

into the tank body from the fluid port, 
wherein the plate member is disposed between 
the collision member and an inner wall of the 
tank body around the fluid port. 

40 

10. The heat storage tank according to claim 9 , wherein 
the collision member and the plate member are 
formed integrally. 

^5 11. The heat storage tank according to any one of 
claims 1-10, wherein the fluid passage has a valve 
port (119a, 120a) defined by a wall portion whk^h 
contacts the valve body when the fluid passage is 
closed by the vah^e body. 

50 

1 2- The heat storage tank according to claim 1 1 , where- 
in the wall portion defining the valve port (1 20a) has 
a valve seat on which a surface of the valve body 
contacts when the fluid passage is closed by the 
55 valve body. 

1 3. A heat storage tank (1 00) for storing a cooling liquid 
of a liquid-cooled engine in a cooling liquid circuit 
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by heat insulation, the heat storage tank compris- 
ing: 

a tank body (110) in which the cooling liquid is 
stored by heat insulation; 5 
a connection member (113, 114, 118) connect- 
ed to the tank body, for defining a first fluid pas- 
sage (115, 118a) through which cooling liquid 
in the cooling liquid circuit flows into the tank 
body upwardly from a lower side, and a second io 
fluid passage (114, 118b) through which cool- 
ing liquid flows out from the tank body down- 
wardly from an upper side; 
a first valve body (1 1 9) for opening and closing 
the first fluid passage; and is 
a second valve body (120) for opening and 
closing the second fluid passage, wherein: 

the first valve, body has a density larger 
than that of the cooling liquid, and the sec- 
ond valve body has a density smaller than 
that of the cooling liquid; 
the first valve body is disposed to open the 
first fluid passage when a dynamical pres- 
sure due to the cooling liquid, larger than a ^5 
predetermined pressure, Is applied to the 
first valve body from a lower side, and to 
close the first fluid passage when the dy- 
namical pressure applied to the first valve 
body is smaller than the predetermined 30 
pressure; and 

the second valve body is disposed to open 
the second fluid passage when the dynam- 
ical pressure larger than the predeter- 
mined pressure is applied to the second 35 
valve body from an upper side, and to close 
the second fluid passage when the dynam- 
ical pressure applied to the second valve 
body is smaller than the predetermined 
pressure. 40 

The heat storage tank according to claim 1 3, where- 
in the first fluid passage and the second fluid pas- 
sage are provided at a lower side of the tank body 
to communicate inside the tank body. 

The heat storage tank according to any one of 
claims 13 and 14, further comprising 

a collision member (122) disposed in the tank so 
body so that cooling liquid flowing into the tank 
body from a fluid port of the first fluid passage 
collides with the collision member, wherein, 
the collision member has a cover member 
(122a) disposed opposite to the flow port at a 55 
position away from the flow port by a predeter- 
mined distance, and a guide member (122b) 
extending from the cover member to a periph- 



eral side of the fluid port. 

1 6. The heat storage tank according to claim 1 5, where- 
in the guide member is disposed at a position away 
from the flow port by a predetermined distance to 
cover the flow port along an entire outer periphery 
of the fluid port. 

17. The heat storage tank according to any one of 
claims 15 and 16, further comprising 

a plate member (117) having a plurality of 
holes, for restricting a mixing of cooling liquid 
in the tank body when the cooling liquid flows 
into the fluid tank from the fluid port, - 
wherein the plate member is disposed between 
the collision member and an inner wall of the 
tank body around the fluid port. 

1 8. The heat storage tank according to claim 1 7, where- 
in the collision member and the plate member are 
formed integrally. 

19. The heat storage tank according to any one of 
claims 13-18, wherein: 

the first fluid passage has a first valve port de- 
fined by a first wall portion which contacts a sur- 
face of the first valve body when the first fluid 
passage is closed by the first valve body; and 
the first fluid passage has a second valve port 
defined by a second wall portion which contacts 
a surface of the second valve body when the 
second fluid passage is closed by the second 
valve body. 

20. A cooling liquid circuit for liquid-cooled engine, in 
which a cooling liquid circulates, the cooling liquid 
circuit comprising: 

a first liquid circuit (S1) including at least a ra- 
diator (21 0) for cooling the cooling liquid; 
a second liquid circuit (S2) Including a heat 
storage tank (1 00) for storing the cooling liquid 
by heat Insulation; and 

a pump (240) disposed in the second liquid cir- 
cuit in such a manner the cooling liquid circu- 
lates between the second cooling liquid circuit 
and the liquid-cooled engine independently 
with the first liquid circuit, wherein: 

the heat storage tank includes 

a tank body (110) in which the cooling 
liquid is stored by heat insulation, 
a fluid passage (114,115, 118a, 118b) 
through which cooling liquid in the sec- 
ond liquid circuit communicates with 
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an interior of the tank body, and 

a valve body (119, 120) for opening 

and closing the fluid passage; and 

the valve body is constructed to open the 5 
fluid passage when a dynamical pressure 
due to the cooling liquid in the second liquid 
circuit, larger than a predetennined pres- 
sure, is applied to the valve body, and to 
close the fluid passage when the dynami- io 
cat pressure applied to the valve body is 
smaller than the predetemiined pressure. 
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